Mass transfer between a fluid and an immersed object in liquid-solid packed and fluidized beds Abstract: The mass transfer coefficient between fluid and an immersed sphere in liquid packed and fluidized beds of inert spherical particles have been studied experimentally using a column 40 mm in diameter. The mass transfer data were obtained by studying the transfer of benzoic acid from the immersed sphere to flowing water using the dissolution method. In all runs, the mass transfer rates were determined in the presence of inert glass particles 0.50-2.98 mm in diameter. The influence of different parameters, such as: liquid velocity, particles size and bed voidage, on the mass transfer in packed and fluidized beds is presented. The obtained experimental data for mass transfer in the packed and particulate fluidized bed were correlated by a single correlation, thus confirming the similarity between the two systems.
INTRODUCTION
In the past research of transport phenomena in liquid -particles systems, had a more theoretical than a practical importance. Due to their employment in industry, especially with the fast development of bio and water cleaning processes, a better knowledge of these systems become more important. Industrial application of these systems requires the determination of the transfer characteristics, especially mas transfer. Liquid-solid packed and fluidized beds have usually been investigated separately, [1] [2] [3] [4] [5] but many authors have noticed the similarity between the two systems. 6 Flow of fluid through packed beds is usually described by the capillary theory, according to which, fluid flows through irregular channels. In packed beds, the mass transfer coefficient is in the following relationship: 7 ( ) ( )
The hydraulic diameter for beds of spherical particles is: d H = ed p /(1-e) and the interstitial velocity is: u = U/e, hence:
or:
In this study it was shown that relationship (3) is valid for particulate fluidized beds as well as for packed beds.
EXPERIMENTAL
The rates of mass transfer between a fluid and an immersed sphere in packed and fluidized beds of spherical inert particles were studied. The schematic diagram of the experimental system is shown in Fig. 1 .
The experiments were conducted using a column D c = 40 mm in diameter and water as the fluidizing fluid. Dissolution of benzoic acid from a large single sphere (D p = 21 mm) was followed. Coating was performed by immersing a sphere (D p = 20 mm) on a wire support in molten benzoic acid. By repeating the procedure, a compact layer of benzoic acid was formed on the sphere. The fi- nal form was adjusted to D p = 21 mm using a specially designed rotating knife. The mass transfer coefficient was calculated from the equation:
The transferred mass Dm was determined by measuring the weight loss of benzoic acid. The mass transfer area A was calculated considering the mean value of the sphere diameter before and after dissolution. Since the weight loss of benzoic acid Dm, was small, the bulk concentration was negligible, hence the equilibrium concentration, c * was taken as the driving force Dc.
Benzoic acid solubility and diffusivity in water were taken from the literature. 8, 9 In each run, the average fluid temperature was recorded and the corresponding values of the diffusion coefficients, fluid viscosity, fluid density and equilibrium solubility were taken for the calculations. The important properties of the fluid, particles and bed are summarised in Table I .
Measurements in packed beds were conducted by using loosely and densely packed beds. The sphere was inserted at a fluid velocity slightly above the minimum fluidization velocity and then the fluid velocity was stopped. The dense bed was additionally vibrated. In all runs, the start-up procedure required less than 30 s, which is negligible with respect to the time of exposition, which was typically about 20 min.
The voidages of loosely by and densely packed beds are given in Table II . The mass transfer coefficients in the packed and fluidized beds as a function of the interstitial fluid velocity are shown in Fig. 2 . The data for the mass transfer coefficients for liquid flow around the sphere (without particles) are shown in the same plot for comparison. The experimental data show that:
-The mass transfer in the presence of particles is more intensive, hence the values of the mass transfer coefficient are greater in both the two-phase systems (packed and fludized bed) than with liquid flow around a single sphere. When the liquid flows around a single sphere only one part of the area is exposed to transfer. In the presence of particles the whole area become active and the boundary layer become thinner, thus increasing the mass transfer.
-With increasing liquid velocity in the packed beds, the mass transfer coefficient increases without the strong influence of bed voidage. The influence of the particle diameter of the mass transfer can be clearly seen. With decreasing particle size, the diameter of the channels decreases, which icreases the interstitial velocity and thus the mass transfer coefficient.
-With increasing interstitial velocity in the fludized bed, the mass transfer coefficient decreases slightly reaching the value of the mass transfer coefficient for flow around a single sphere.
The mass transfer as a function of the Reynolds number of the particles in packed and fluidized beds are presented in Fig. 3 . As can be seen, the mass transfer factor (j D ) in packed beds is independent of particle size. The data for the mass transfer factor in fludized beds can be separated into two groups, depending on the particle diameter. The data for each group fall on straight lines, the slopes of which are approximately the same but different from that for the packed beds. 
with a mean absolute deviation of 16.88 % and a mean relative deviation of -3.71 %. The pact that the mass transfer coefficients for packed and fluidized bed can be correlated with a single equation confirms the existence of mass transfer similarity in these systems. 6 This result is interesting because it shows the transfer similarity in two different systems: one with fixed particles and the other with moving particles. -slightly decreases in fluidized beds.
2) The mass transfer factor as a function of the Reynolds number of the particles: -is independent of particle size, but it depends on the packing mode in packed beds -depend on the particle size in fluidized beds. New correlations for the mass transfer factor in packed and fluidized beds are proposed. U ovom radu je eksperimentalno ispitivan prelaz mase izme|u urowene sfere i fluida u prisustvu pakovanih i fluidizovanih~estica. Za odre|ivawe koeficijenta prelaza mase kori{}ena je metoda pra}ewa rastvarawa slabo rastvorne supstance-benzoeve kiseline u vodi. Kori{}ena je kolona pre~nika 40 mm, urowena sfera pre~nika 21 mm, a pakovane i fluidizovane slojeve su~inile staklene sfere pre~ni-ka 0,5-2,98 mm. Ispitivawa u pakovanim slojevima izvr{ena su u sistemima sa razliitim pakovawima -retkom i gustom. Prikazani su uticaji razli~itih parametara, kao {to su brzina fluida, veli~ina~estica i poroznost slojeva na koeficijent prelaza mase. Pokazane su razlike i sli~nosti u prenosu mase kada su u sloju prisutne nepokretne i fluidizovane~estice. Data je zavr{na eksperimentalna korelacija koja je zajedni~ka i za pakovane i za fluidizovane slojeve. Korelacija je data kao veza bezdimenzionih grupa Re p /(1-e) i j D e koje nisu tipi~ne za korelisawe podataka u fludizovanim slojevima. Ova korelacija ukazuje da postoji sli~nost mehanizama prenosa mase u pakovanim i partikulativno fludizovanim slojevima. (Primqeno 24. decembra 2004) 
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